Five new 16-membered macrolides (1-5), belonging to the bafilomycin subfamily, were isolated from the fermentation broth of Streptomyces sp. CS, a commensal microbe of Maytenus hookeri. Their structures including relative configurations were elucidated based on NMR data and analysis of single crystal X-ray diffraction data. The cytotoxicities of compounds 1-5 on the MDA-MB-435 cell line were analyzed by the MTT method and the IC 50 values were found to be 4.2, 4.5, 5.5, 3.8 and 11.4 mM, respectively.
INTRODUCTION
The bafilomycins, 1 including hygrolidins, 2 form a family of 16-membered ring macrolide antibiotics. Bafilomycins A 1 , A 2 , B 1 , B 2 , C 1 and C 2 were first isolated from cultures of Streptomyces griseus. 3, 4 They are potent vacuolar H + -ATPase inhibitors that exhibit broad antibacterial and antifungal activity. 5 Hygrolidins were first reported as antifungal agents, 6 and then reported to inhibit the growth of srcand ras-transformed cells without effects on untransformed cells. 7 These studies suggested that this family of 16-membered macrolide antibiotics have the potential to be drug candidates.
Previously, 24-demethyl-bafilomycin C 1 was isolated from the strain Streptomyces sp. CS as a new member of the bafilomycin subfamily. 8 During the subsequent research, two more new bafilomycin derivatives, namely, 24-demethyl-bafilomycin A 2 and its dehydration product, were isolated from the same strain. 9 These three compounds also showed strong antifungal and antitumor activities, 8, 9 and this encouraged us to search for further members of this subfamily in the same strain and led to the isolation of five new bafilomycin derivatives 1-5. Here, we describe the fermentation of the producing strain, the isolation, structure elucidation and biological characterization of these five new macrolides.
RESULT

Structure determination
Compound 1, colorless crystal, was determined to have the molecular formula C 34 H 56 O 9 based on the HRESIMS and NMR data. Inspection of the NMR data (proton, carbon, DEPT, HSQC and HMBC) revealed a bafilomycin-type 16-membered macrolide (Tables 1 and 2 ). The 13 C-NMR and DEPT spectra of 1 showed 34 carbon signals for seven methyl, three methoxyl, three methylene, sixteen methine and five quaternary carbon atoms. On the basis of HMBC correlations, particularly, those of seven methyl carbons with the adjacent carbons, and 1 H-1 H COSY spectra, compound 1 was determined to be 24-demethyl-bafilomycin A 1 4 ( Figure 1 ). Compound 2, colorless crystal, was determined to have the molecular formula C 35 H 58 O 9 based on the HRESIMS and NMR data (Tables 1 and 2) , and showed similar patterns as compound 1 in the 1 H and 13 C NMR spectra except for one methoxyl (d H 3.29 (s, 3H) and d C 56.2(q)) connected to C-21 according to the HSQC and HMBC experiments, determining the structure of 2 to be 21-Omethyl-24-demethyl-bafilomycin A 1 (Figure 1 ). The X-ray diffraction experiment of a crystal from Me 2 CO-H 2 O further confirmed the structure and determined the relative configurations of compound 2 ( Figure 2 ) (CCDC 707561).
X-ray crystal structure analysis of compound 2: Colorless needle crystal of C 35 H 58 O 9 , M¼622.4, orthorhombic, space group P 21 21 2, a¼18.779 (4) Å , b¼23.935 (5) Å , c¼9.0455 (16) Å , V¼4065.6 (13) Å 3 , Z¼1, D c ¼1.042 g cm À3 , F (000)¼1388, T¼293 (2) K. Oxford Gemini S Ultra single crystal diffraction, graphite monochromator, l(MoKa)¼0.71073 Å , m¼0.09 mm À1 , size 0.35Â0.22Â0.8 mm 3 , a total of 13798 reflections, of which 6624 were independent (R (int) ¼18.2%), were yielded and collected 4.05oyo25.01, À22oho22, À28o ko27, À10olo10. The structure was solved by direct methods (SHELXS-97, Göttingen, Germany) and refined by full-matrix least squares on F 2 techniques using 415 parameters. Refinement converged at R 1 (F)¼0.105, wR 2 (F 2 , all data)¼0.2475, S¼0.778, min/max height in the final DF map À0.323/0.894 e Å À3 . Crystallographic data (excluding structure factors) for structure 2 in this paper have been deposited with the Cambridge Crystallographic Data Centre as Supplementary publication number CCDC 707561. Copies of the data can be obtained free of charge on application to CCDC.
Compound 3, a white amorphous powder, was determined to have the molecular formula C 36 H 60 O 9 based on the HRESIMS and NMR data (Tables 1 and 2) , and showed similar patterns as compound 2 in the 1 H and 13 C NMR spectra except for one methoxyl (d H 3.04 (s, 3H) and d C 46.7(q)) connected to C-19 according to the HSQC and HMBC experiments. Thus, the structure of 3 was determined to be 19,21-di-O-methyl-24-demethyl-bafilomycin A 1 (Figure 1) .
Compound 4, a white amorphous powder, was determined to have the molecular formula C 36 H 58 O 8 based on the HRESIMS and NMR data (Tables 1 and 2) , and showed similar patterns as compound 3 in the 1 H and 13 C NMR spectra except for the signals for H-17, C-17 and C-18. The protons at d 5.80 (H-17) with the carbon signals at d 129.6 (C-17) and 136.7 (C-18) indicated the presence of carbon-carbon double bond between C-17 and C-18 and determined the 13 C assignments for this moiety with the aid of HMBC and HMQC experiments. Thus, the structure of 4 was determined to be 17,18-dehydro-19,21-di-O-methyl-24-demethyl-bafilomycin A 1 (Figure 1) .
Compound 5, a colorless amorphous powder, was determined to have the molecular formula C 34 H 54 O 8 based on the HRESIMS and NMR data. Inspection of the NMR data (proton, carbon, DEPT, HMQC and HMBC) ( Tables 1 and 2 ) and comparison with compound 1 revealed a bafilomycin-type 16-membered macrolide ring 5a (Figure 3 ). The structure of fragment 5b was determined based on the 1 H- 13 Thus, the linkage of the fragments 5b and 5c were revealed by the 1 H-13 C long-range correlation of H-20 with C-19 and C-22, H-21 with C-19, C-22, C-23 and C-22a. C-19 was determined to be ketone carbonyl based on its chemical shift at d 202.3. On comparison with literature data for bafilomycin D, compound 5 was found to be identical except for the lack of a methyl substitute on C-24. 10 Therefore, compound 5 was determined to be 24-demethyl-bafilomycin D.
Cytotoxicities
In our research, the cytotoxic activities of compounds 1-5 against the MDA-MB-435 cell line were tested by the MTT method. These The stereochemistry of bafilomycin A 1 , initially assigned on the basis of a molecular modeling analysis of NMR data, 11 was subsequently verified by X-ray crystallography. 12, 13 In our research, we determined the stereochemistry of compound 2 (21-O-methyl-24-demethyl-bafilomycin A 1 ) (Figure 2 ) by X-ray diffraction analysis. Our X-ray diffraction analysis showed that the relative configurations of 24-demethyl-bafilomycin and bafilomycin are the same. 24-Demethyl-bafilomycin C1 and 24-demethyl-bafilomycin A2 almost show the same cytotoxic activities in previous studies. 9 In our research the IC 50 values of compounds 1-4 are nearly on the same level, the inhibitory potency of compound 5 is the weakest. These distinction may be caused by the different structures in sixmembered hemiketal ring. 14 Macrolides of the bafilomycin family J Li et al
